Understanding diversity and evolution of a crop is an essential step to implement a strategy to expand its 2 germplasm base for crop improvement research. Samples intensively collected from Korea, which is a 3 small but central region in the distribution geography of soybean, were genotyped to provide sufficient 4 data to underpin genome-wide population genetic questions. After removing natural hybrids and duplicated 5 or redundant accessions, we obtained a non-redundant set comprising 1,957 domesticated and 1,079 wild 6 accessions to perform population structure analyses. Our analysis demonstrates that while wild soybean 7 germplasm will require additional sampling from diverse indigenous areas to expand the germplasm base, 8 the current domesticated soybean germplasm is saturated in terms of genetic diversity. We then showed 9 that our genome-wide polymorphism map enabled us to detect genetic loci underling flower color, seed-1 1 divided into one domesticated subpopulation and four wild subpopulations that could be traced back to 1 2 their geographic collection areas. Population genomics analyses suggested that the monophyletic group of 1 3 domesticated soybeans was originated in eastern Japan. The results were further substantiated by a 1 4 phylogenetic tree constructed from domestication-associated single nucleotide polymorphisms identified in 1 5 this study.
1 0 coat color, and domestication syndrome. A representative soybean set consisting of 194 accessions were 1. Introduction 1 1 could be considered true landraces because of their collections during the first half of the 20 th century 1 before modern breeding research, were evenly distributed across subpopulations. The improved cultivars 2 were narrowly clustered in the PCA plot, indicating much lower diversity relative to that of the entire 3 domesticated soybeans. The 1,079 wild soybean population showed distinctive subpopulations ( Fig. 2 resequencing studies have effectively detected the selective sweeps, which are associated with 1 2 domesticated genes (Meyer and Purugganan 2013), by examining reduction of diversity (ROD) in 1 3 windows along chromosomes. However, our SoyaSNP array data are not dense enough to detect the 1 4 reduction of diversity. Thus, we attempted to detect SNPs associated with domestication using a case-1 5 control GWA method that analyzed binary domestication phenotypes, which were determined by presence 1 6 (G. max) or absence (G. soja) of domestication.
7
To test if our case-control GWA method enabled to find genes or chromosomal regions underlining 1 8 binary phenotypes in our 3,036 non-redundant population, we chose two highly studied phenotypes⎯ 1 9 flower and seed-coat colors⎯which are monogenic and multigenic, respectively. Because our population 2 0 was highly structured, we performed logistic regression model analysis conditional on a list of 2 1 1 representative of the entire population distribution, sample sizes of subpopulations can substantially affect 2 population stratification and ancestral population inference (McVean 2009; Shringarpure and Xing 2014) .
3
To investigate the possibility that excessive numbers of domesticated or Korean soybean accessions might 4 have caused bias in inference of population structure of wild and domesticated soybeans, we obtained 5 representative domesticated and wild soybean sets by selecting one from each of tightly distributed 6 soybean miniclusters in the PCA plots, with a caution that overall distribution patterns are maintained ( Fig.   7 S5). For the representative set of wild soybeans, we filtered the population of the tightly distributed Korean 8 accessions and selected 50 diverse Korean wild accessions (Table S2 ). In addition, four wild soybean 9 anomalies misplaced to subpopulations different from subpopulations predicted by their collection site 1 0 records were excluded; three Korean and one Chinese accessions ( Fig. S6 ). For the representative set of 1 1 domesticated soybeans, we selected 50 diverse G. max accessions that represent diversity of 1,957 G. max 1 2 accessions. The results of the AMOVA indicated that the overall genetic structure observed in the 3,036 1 3 non-redundant soybean population was well represented by the extracted representative set with some 1 4 decrease of genetic diversity in the G. max population (Table S5 ). PCA plots from the resultant 1 5 representative set of 194 soybean accessions showed distribution patterns similar to those from the 3,036 1 6 non-redundant soybean accessions, although relative sizes of G. max and G. soja distributions in the PCA 1 7 spaces constructed with the first and third PCs were reversed. The last drop of eigenvalues from the PCA 1 8 runs occurred between K = 5 and K = 6 ( Fig. S7 ), indicating that there were five distinct subpopulations. Because G. soja can be found in situ across most of the East Asia, it is important to establish the 2 2 population structure, if any, of a diverse collection of G. soja accessions and to associate one or more of 2 3 these populations with a collection of domesticated G. max varieties. To perform these experiments, we 2 4 analyzed the population structure of the representative set of 194 soybean accessions with ADMIXTURE, 2 5 and found K = 5 populations based on the estimated CV error plot ( Fig. S7 ). Thus, the soybean accessions 2 6
were partitioned into one G. max (Gm) and four G. soja (Gs-I, Gs-II, Gs-III, and Gs-IV) subgroups (Fig. 2 7 1 7 4A, B). Wild accessions from China were divided into two subgroups, Gs-I and Gs-II. The Gs-I group 1 showed the least diversity (Table 1) and most of them distributed in the middle region of the Yellow River 2 basin. The Gs-II group was dispersed across northeast China, south China, and the Russian border of 3 northeast China. Interestingly, this grouping result is remarkably similar to that obtained by a recent 4 comprehensive study that showed that, by analyzing a total of 712 G. soja individuals from 40 natural 5 populations in China, Chinese wild soybeans were grouped into two main subgroups, which were one from 6 the Yellow River basin and the other from northeast China and south China (Guo et al. 2012) . The Gs-IV 7 distributed in Japan. The Gs-III showed the greatest diversity and distributed in South Korea and most of 8 them appeared to be ancient admixture between Gs-II and Gs-IV. Interestingly, despite clear separation of 9 the Chinese G. soja, diversity level of the combined population of Gs-I and Gs-II was similar to those of 1 0 Korean or Japanese G. soja. An independent Gm group appeared from K = 2 to K = 5 ( Fig. 4C ).
1
Interestingly, major genomic fractions of the Gm subgroup consistently appeared as minor genomic 1 2 fractions of the Gs-IV and minor genomic fractions of the Gm group was a genomic fraction of Gs-I 1 3
ancestry. The results suggested that after domestication of the Gm subgroup from the Gs-IV subgroup, the 1 4
Gm subgroup was substantially diversified by introgression of the Gs-I genomic fractions. One of the Gs-I 1 5
accessions, PI 459046, appeared to be a G. max x G. soja hybrid, although its genomic fraction (∼22%) 1 6 from G. max are lower than our hybrid filtration criteria (30% domesticated ancestry), which was less 1 7 stringent than 20% domesticated ancestry used in other admixture studies (e.g. Wang et al. (2017)). We constructed a neighbor-joining (NJ) tree for the representative soybean set ( Fig. 4E and S8 ). The 1 6 tree showed that all G. max accessions formed a monophyletic cluster. Although G. max was artificially 1 7 selected recently, terminal branch lengths were similar to those of G. soja likely because of ascertainment 1 8 bias that more SNPs were selected from G. max than from G. soja (Lee et al. 2015) . The population of the 1 9 nearest branches, which were basal to the G. max soybean lineage, was G. soja subgroup Gs-IV. Within the 2 0
Gs-IV that contains wild soybeans from Japan, those from eastern Japan area were closer to the G. max 2 1 soybean lineage. To measure population differences and similarities, we calculated the fixation index 2 2 values (F ST ) (Holsinger and Weir 2009) between G. max and each G. soja population ( Table 2) was the smallest, suggesting that G. max was domesticated directly from G. soja subpopulation Gs-IV. The 2 5 level of population differentiation among G. soja subpopulation was much lower than that between G. soja accessions, > 20%) of heterozygous SNPs, hybrid (one), and overlapping (five) ( Fig. S9 and Table S6 ).
6
The resultant expanded set contained twelve diverse accessions from Zhejiang, China and one accession 1 7
from Taiwan, thus increasing geographic coverage of this study further down to southern China. In results, 1 8
the diversity level of G. soja accessions from China and its Russian border was similar to those from Korea 1 9
or Japan (Table 1) . Population structure of the expanded set inferred from ADMIXTURE and PCA was 2 0
quite similar to that of our representative set, although the G. max accessions appeared to be divided into 2 1 two groups likely because of the high level of heterozygous SNPs from the genome resequencing data ( Fig.  1 S10, S11, and Table 2 ). Phylogenetic analysis and estimated F ST values between subpopulations indicated 1 that G. soja accessions collected from eastern Japan were closest to the G. max soybean lineage. To evaluate the distribution of SNPs associated with domestication syndrome across soybean 8 subpopulations, we divided the 117,095 SNPs into 8,197 SNPs highly significantly associated with 9 domestication traits and 108,898 SNPs weakly or not significantly associated with domestication traits.
0
The 8,197 SNPs (-log 10 P > 17) were selected because the previous studies have shown that ~7% of the 1 0
One of the main reasons that the previous studies pointed different regions in China as the center of 1 1 soybean domestication is likely sampling bias. Our results suggested that wild accessions from China had 1 2 genetic diversity level almost equal to those from Korea or Japan. However, most previous studies tended 1 3
to neglect this fact. In an extreme case (Han et al. 2016) , no accession from Korea and Japan was used, 1 4
with the conclusion that central China is the initial domestication region. Another confounding factor is the 1 5
inclusion of hybrid soybeans from natural mating between G. soja and G. max. Hybrid soybeans were not 1 6 recognized in many previous soybean population studies, although hybrids between wild and domesticated 1 7
species have been increasingly regarded as a major problem in studies of crop domestication history 1 8 (Bitocchi et al. 2012; Wang et al. 2017 ). Furthermore, it was often assumed that a region in China is a 1 9
center of soybean domestication because hybrid soybeans are frequently found in China (Han et al. 2016).
However, of the 50 hybrids that we removed to avoid their potential confounding effects in this analysis, manner. This suggests that our results will likely be useful for marker-assisted selection and genomic 1 1 prediction to utilize unexplored genetic diversity in the soybean germplasm. We thank Dr. Changyong Lee at Kongju National University for helpful comments in statistical analysis.
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